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Abstract
The analysis of B → J/ψK⋆2 (1430) decay mode is complicated by the fact that close to the
JPC = 2++ meson K∗2 (1430), there lie other J
PC = 1−− and JPC = 0++ resonances, K⋆(1410) and
K⋆0 (1430) respectively. We show how an angular analysis can be used to isolate the contributions
from the different resonances and partial waves contributing to the final state B → J/ψKX , where
KX could be any of the resonance K
⋆
2 (1430), K
⋆(1410) or K⋆0 (1430). For this purpose we study
the time integrated differential decay rate. We also construct a time dependent angular asymmetry
that enables a clean measurement of the mixing phase β in the mode B → J/ψK∗2 (1430) alone,
without contributions from the decay modes B → J/ψK∗0 (1430) or B → J/ψK∗(1410).
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I. INTRODUCTION
The large numbers of B mesons produced at the B-factories have resulted in an accurate
measurement[1] of the B0d − B0d mixing phase refereed to as β (also called φ1). This mea-
surement is done primarily using the golden mode B → J/ψKS, but is now being done for a
variety of other channels. In principle, β(φ1) can be measured just as cleanly using any mode
that involves the same quark level process b→ cc¯s. These include modes that involve exci-
tations of the K meson such as B → J/ψK∗(892), B → J/ψK∗0(1430), B → J/ψK∗(1410),
B → J/ψK∗2 (1430), etc., or modes involving various excitations of the cc¯ mesons such as
B → J/ψ ′KS etc., or even a combination of any of these states.
The study presented in this paper is inspired by the recent observation of the decays
B → J/ψK∗X(1430), where X = 0, 2 [2–4]. There exist two mesons, a tensor meson K∗2(1430)
and a scalar meson K∗0 (1430) at the same mass of 1430 MeV. One is not only interested in
obtaining the B0d − B0d mixing phase precisely, but also in measuring the branching ratios
for the various decay modes. The branching ratio for B → J/ψK∗ has been measured
and it is well known that β(φ1) can also be measured using this decay mode[5]; the only
complication is the need for an angular analysis to separate the contributions from the CP–
even and CP–odd partial waves. However, modes such as B → J/ψK∗2 (1430) require much
more effort. The additional complication arises due to the presence of scalar and vector
meson resonances K∗0 (1430) and K
∗(1410) that overlap with the tensor meson K∗2(1430).
Since, the decay modes B → J/ψK∗0(1430), B → J/ψK∗(1410) and B → J/ψK∗2(1430)
contribute to the same final state B → Kπℓ+ℓ−, contributions from the various decay
channels cannot be separated by cuts on the kinematics. The purpose of the paper is to
show how the contributions from various resonances and partial waves can be isolated, not
only to measure the branching ratios but also to study the time dependent decay to the mode
B → J/ψK∗2(1430), leading to a measurement of sin 2β. The study performed here finds
immediate application in the analysis of data collected by BaBar and Belle collaborations
at the B factories running at SLAC (U.S.A.) and KEK (Japan) respectively [5].
In section II we write out the most general effective matrix element using Lorentz in-
variance and current conservation, for the decay channels B → J/ψS, B → J/ψV and
B → J/ψT , where S, V and T are scalar (JP = 0+), vector (JP = 1−) and tensor (JP = 2+)
mesons respectively. Our calculations are general enough in formalism to include any scalar,
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vector or tensor meson, in addition to K∗X(1430) and K1(1410), as long as they decay into
modes identical to the modes into which K∗X(1430) is reconstructed. The K
∗
X(1430) and
K1(1410) are considered to decay to Kπ and J/ψ to ℓ
+ℓ−. In section III we primarily inves-
tigate the decay spectrum for the final state Kπℓ+ℓ− assuming that the Kπ arise from the
decay of either S, V or T . We study the angular distribution of the K in the Kπ center of
mass (c.m.) frame and ℓ− in the ℓ+ℓ− c.m. frame. We also study the correlation between the
Kπ decay plane and the ℓ+ℓ− decay plane in the B rest frame. We explicitly demonstrate
how one can isolate the contributions to the different final states as well to CP even and
CP odd partial waves, thereby allowing the measurement of β(φ1). We conclude in Sec. IV.
II. MATRIX ELEMENT
We consider exclusive two body decays of a B meson into states involving the J/ψor its
excitations (all these states will be generically referred to as J/ψ ). In particular, we restrict
ourselves to the decays B → J/ψS, B → J/ψV and B → J/ψT , where S, V and T are
scalar (JP = 0+), vector (JP = 1−) and tensor (JP = 2+) mesons respectively. We assume
that each of the resonances S, V and T decay into Kπ, and that J/ψ is reconstructed in the
ℓ+ℓ− decay mode. Hence each of the three decay channels results in the same decay process
B → Kπℓ+ℓ−, allowing for interference between the three channels. This decay involving
a 4 body final state, can be described in terms of 5 variables sℓ, sK , θℓ, θK and φ. The
kinematical variables sl and sK are the invariant mass squared of the lepton pairs(ℓ
+ℓ−) and
the Kπ pairs respectively (it is assumed that the ℓ+ℓ− momentum is along the +z axis), θl
is the angle of ℓ− in the ℓ+ℓ− c.m. system with the z-axis, θK is the angle of K in the Kπ
c.m. system with the z-axis, and φ is the angle between the normals to the planes defined
by momenta of ℓ+ℓ− and Kπ, in the B rest frame[6]. The 4-momenta of S (or V or T ) is
assumed to be k and that of the J/ψ to be q. The K, π, ℓ− and ℓ+ are defined to have the
4-momenta k1, k2, q1 and q2 respectively. We further define K
µ = kµ1 − kµ2 and Qµ = qµ1 − qµ2
and note that sl = q
2 and sK = k
2.
Let us first consider the decay B → J/ψS. The most general amplitude for this decay
mode may be written using Lorentz invariance as:
A(B → J/ψ (q)S(k)) = akµǫ∗µJ/ψ , (1)
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where ǫ∗J/ψ is the polarization 4-vector of the J/ψ , q and k are the 4-momentum of the J/ψ
and S respectively, and a is Lorentz scalar. The subsequent decay of the scalar S into two
pseudoscalars, i.e. S → Kπ, will only result in the multiplication of the above amplitude
by an arbitrary function of k1.k2. Therefore, the amplitude for the process B → J/ψS →
J/ψ (Kπ)S may be written as:
AS = A
(
B → J/ψ (Kπ)S
)
∝ akµ 1
(k2 −M2S + iǫ)
ǫ∗µJ/ψ , (2)
where, the subscript S in (Kπ)S indicates that the Kπ state results from the decay of S.
The amplitude forB → J/ψS consists of P wave only .
The amplitude for B → J/ψV may similarly be written as,
A(B → J/ψ (q)V (k)) ∝ (bgµν + c√
sℓsK
kµqν + i
d√
sℓsK
ǫµναβk
αqβ)ǫ∗µJ/ψ ǫ
∗ν
V , (3)
The subsequent decay of the vector V intoKπ can itself be obtained using the same approach
to have the form Kµǫ
µ
V . Hence, the amplitude for B → J/ψV → J/ψ (Kπ)V may be written
as[7, 8]:
AV = A
(
B → J/ψ (Kπ)V
)
∝
(bgµν +
c√
sℓsK
kµqν + i
d√
sℓsK
ǫµναβk
αqβ)
(k2 −M2V + iǫ)
θνρKρ ǫ
∗µ
J/ψ , (4)
where,
Σǫ∗νV ǫ
ρ
V ≡ θνρ = −gνρ + k
νkρ
k2
. We clearly see that the amplitude B → J/ψV consists of
three partial waves - S, P and D .
Once again the amplitude for B → J/ψT may be may written as:
AT ∝
( e√
sℓsK
qρgµν +
f
sℓsK
kµqρqν + i
g
sℓsK
ǫµραβqνk
αqβ
)
ǫ∗µJ/ψ ǫ
∗νρ
T , (5)
where ǫ∗T is the polarization of tensor meson. In writing Eq.5, we used the symmetry of
ǫ∗νρT and retain only terms that contribute. The amplitude for the subsequent decay of the
tensor T into Kπ must be of the form ǫλσT (kλkσ + kσKλ − kλKσ −KλKσ). Therefore, the
amplitude for B → J/ψT → J/ψ (Kπ)T may be written as:
AT ∝
( e√
sℓsK
qρgµν +
f
sℓsK
kµqρqν + i
g
sℓsK
ǫµραβqνk
αqβ
)
Θνρλσ
k2 −M2T + iǫ
(kλkσ + kσKλ − kλKσ −KλKσ)ǫ∗µJ/ψ , (6)
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where Σǫ∗νρT ǫ
λσ
T = Θ
νρλσ ≡ 1
2
(θλνθσρ+θσνθλρ)− 1
3
θλσθνρ[9]. From 6, The amplitude B → J/ψT
consists of three waves -P , D and F waves; The form factors ,e and f , are the mixture of P
and F partial waves and the form factor,g,is related to the CP -odd, D partial wave. It is
shown in III that all these partial waves can be extracted .
We next incorporate the decay of J/ψ → ℓ+ℓ− which is common to all the three decay
channels. The amplitude for J/ψ → ℓ+ℓ−is:
A(J/ψ → ℓ+ℓ−) ∝ ǫµ′J/ψ (u¯(q1)γµ′v(q2)) . (7)
Hence,the full decay process B → K(k1)π(k2)ℓ−(q1)ℓ+(q2) may be described by the matrix
element
M = GF α√
2π
Hµ
( −gµµ′ + qµqµ
′
q2
q2 −M2J/ψ + iǫ
)
(u¯(q1)γµ′v(q2)) , (8)
where Hµ is the hadronic part of the matrix element and is the sum of individual contri-
butions from the scalar, vector and tensor mesons. Hµ as derived above, depends on 7
independent form factors and is given by,
Hµ ∝ akµ 1
(k2 −M2S + iǫ)
+
(bgµν +
c√
sℓsK
kµqν + i
d√
sℓsK
ǫµναβk
αqβ)
(k2 −M2V + iǫ)
θνρKρ
+
( e√
sℓsK
qρgµν +
f
sℓsK
kµqρqν + i
g
sℓsK
ǫµραβqνk
αqβ
)
Θνρλσ
k2 −M2T + iǫ
(kλkσ + kσKλ − kλKσ −KλKσ) , (9)
In what follows we assume that the mass of scalar, vector and tensor particles are approxi-
mately equal i.e. MS ≈ MV ≈ MT = M and define new form factors A, B, C, D, E, F , G
so as to absorb the factor
1
(k2 −M2 + iǫ)(q2 −M2J/ψ + iǫ)
. Defining, H ′µ =
Hµ
q2 −M2J/ψ . + iǫ
,
we have,
H ′µ = Akµ + (Bgµν +
C√
sℓsK
kµqν + i
D√
sℓsK
ǫµναβk
αqβ) θνρKρ
+(
E√
sℓsK
qρgµν +
F
sℓsK
kµqρqν + i
G
sℓsK
ǫµραβqνk
αqβ)
Θνρλσ(kλkσ + kσKλ − kλKσ −KλKσ) , (10)
The matrix element is finally expressed as:
M = GF α√
2π
H ′µ(−gµµ
′
+
qµqµ
′
q2
)(u¯(q1)γµ′v(q2)) . (11)
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Having obtained the matrix element for the process B → K(k1)π(k2)ℓ−(q1)ℓ+(q2) it
is straight forward to write the matrix element M, for the conjugate process B¯ →
K¯(k1)π¯(k2)ℓ
−(q1)ℓ
+(q2) as
M = GF α√
2π
H ′µ(−gµµ
′
+
qµqµ
′
q2
)(u¯(q1)γµ′v(q2)) , (12)
where, H ′µ =
Hµ
(q2 −M2J/ψ + iǫ)
. Where Hµ is the hadronic part of the matrix element for
the conjugate process and is the sum of individual contributions from the scalar, vector and
tensor mesons. H ′µ depends on the same 7 independent form factors and using CPT may
be expressed as,
H ′µ = Akµ + (Bgµν +
C√
sℓsK
kµqν − i D√
sℓsK
ǫµναβk
αqβ) θνρKρ
+(
E√
sℓsK
qρgµν +
F
sℓsK
kµqρqν − i G
sℓsK
ǫµραβqνk
αqβ)
Θνρλσ(kλkσ + kσKλ − kλKσ −KλKσ) . (13)
The time dependent study of the process B → K(k1)π(k2)ℓ−(q1)ℓ+(q2) requires the knowl-
edge of the matrix element for both the process and the conjugate process. We can thus
study the complete time dependent angular decay of the process. However, in this section
we will derive the time integrated decay rate and leave the time dependent study until Sec.
IIIC.
The modulas squared of the total matrix element after summing over lepton polarizations
is
|M|2 = G
2
Fα
2
2π2
H ′µH
′†
µ′ L
µµ′ , (14)
with the leptonic tensor Lµµ
′
being given by
Lµµ
′
= qµqµ
′ −QµQµ′ − gµµ′q2 . (15)
Next we cast all the Lorentz scalars in terms of the kinematical variables. It is straight-
forward to derive that[6, 10]:
k.q =
1
2
(M2B − sK − sℓ) ≡ x
√
sℓsK
k.Q = X cos θℓ
q.K = ξq.k + βX cos θK
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K.Q = ξk.Q+ β(k.q cos θK cos θℓ −√sℓsK sin θK sin θℓ cosφ)
ǫµναβk
µKνqαQβ = −√sℓskβX sin θK sin θℓ sinφ
X = (k.q2 − sℓsK)1/2 = 1
2
λ1/2(M2B, sℓ, sK) (16)
k.K = ξsK
q.Q = 0 (17)
where,
β =
λ1/2(k2,M2K ,M
2
π)
k2
(18)
ξ =
(M2K −M2π)
sk
(19)
λ(a, b, c) = a2 + b2 + c2 − 2ab− 2bc− 2ca (20)
and we have set k21 =M
2
K , k
2
2 =M
2
π .
The matrix element modulas squared obtained in Eq. (14) may finally be written in terms
of the kinematical variables sK , sℓ, θK , θℓ and φ as follows:
|M|2 = G
2
Fα
2
2π2
(f0 + f1 cos φ+ f2 cos 2φ+ f3 sinφ+ f4 sin 2φ) , (21)
where,
fp =
∑
(apmn cosmθℓ cosnθK + b
p
mn sinmθℓ sin nθK) . (22)
We note that terms proportional to sin θℓ are also proportional to sin θK . It can be seen
from Eq. (16) that none of the Lorentz scalars is proportional to just one of either sin θℓ or
sin θK . Hence there can be no term odd in θℓ and even in θK or vice versa – only terms even
in both θℓ and θK or odd in both θℓ and θK are possible. The form chosen for fp in Eq. (22)
is thus easily understood. All the non vanishing co-efficients apmn and b
p
mn are listed under
Tables I-VI in the Appendix. Identical results were obtained using the helicity formalism
[11] .
III. SOLUTION OF THE FORM FACTORS AND ANALYSIS
It was seen in Sec. II that angular analysis can be used to obtain coefficients apmn and
bpmn. We begin this section by demonstrating the explicit solutions that enable us to obtain
both the magnitudes and phases of the form factors a, b, c, d, e, f and g. We show that
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angular analysis for this mode will enable us to isolate the contributions from each of the
partial-waves. We can thus separate the contributions of the partial waves into CP even and
CP odd, allowing us to measure the mixing phase β without worrying about dilution from
the wrong CP parity contributions. In this section we also consider both the time integrated
differential decay rate and time dependent differential decay rate. We study various angular
asymmetries and point out certain interesting features that the angular study should obey.
We also construct a time dependent angular asymmetry that enables a clean measurement
of the mixing phase β in the mode B → J/ψK∗2 (1430) alone without contributions from the
decay modes B → J/ψK∗0(1430) and B → J/ψK∗(1410).
A. Solution of the form factors
We note that the angular analysis allows one to measure a large number of coefficients
apmn, b
p
mn. In spite of several of these coefficient, being zero, there is still enough informa-
tion to solve for both the magnitude and phase of all the form factors. In fact, the zero
values act as constraints and are hence useful in experimental fits to the coefficients. We
do not explicitly integrate over sℓ and sK in our discussions, however, for the purpose of
experimental analysis these variables may be integrated over, before extracting the form
factors. In this subsection we present explicit solutions to the magnitudes and phases of
the form factors, and thereby established that an angular analysis allows us to disentan-
gle the contribution from each of the three resonances considered. To set up our notation
we define A = |A| exp(iφA), B = |B| exp(iφB), C = |C| exp(iφC), D = |D| exp(iφD),
E = |E| exp(iφE), F = |F | exp(iφF ) and G = |G| exp(iφG). Using the tables I-VI, it is
straightforward to verify that |B|, |D|, |E|, |F |, |G| are given in terms of experimentally
obtainable coefficients by,
|B|2 = − 2
β2sℓ sK
(a022 + a
0
02 − 4a202) (23)
|D|2 = − 2
β2sℓ sK(x2 − 1)(a
0
22 + a
0
02 + 4a
2
02) (24)
|E|2 = 32
β4sℓ sK(x2 − 1)(4a
2
04 − (a004 + a024)) (25)
|F |2 = 32
β4sℓ sK(x2 − 1)3 (4x
2 a204 − (x2 + 3) a024 − (x2 − 1)a004 − 4x b124) (26)
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|G|2 = −32
β4sℓ sK(x2 − 1)2 (4a
2
04 + a
0
04 + a
0
24) (27)
Also, Im(BD⋆), Re(BE⋆), Re(DG⋆), Im(EG⋆), Re(FE⋆) and Im(FG⋆), can easily be written
in terms of observables as:
Im(EG⋆) =
128
β4sℓ sK(x2 − 1)3/2 a
4
04 (28)
Im(FG⋆) =
64
β4sℓ sK(x2 − 1)5/2 (b
3
24 − 2x a404) (29)
Im(BD⋆) =
8
β2sℓ sK
√
(x2 − 1)
a402 (30)
Re(FE⋆) =
32
β4sℓ sK(x2 − 1)2 (2b
1
24 + x(a
0
04 + a
0
24)− 4x a204) (31)
Re(CD⋆) =
−4
β3sℓ sK(x2 − 1)5/2 ((x
2 − 1)a003 + (x2 + 3)a023 + 4x2a223 + 4xb123) (32)
Re(BE⋆) =
4
β3sℓ sK(x2 − 1)1/2 (a
0
01 + a
0
21 − 4a201) (33)
Re(DG⋆) =
4
β3sℓ sK(x2 − 1)3/2 (a
0
01 + a
0
21 + 4a
2
01) (34)
We set φG = 0 by convention. The phases φB, φD, φE, φF can be obtained using Im(BD
⋆),
Re(BE⋆), Re(DG⋆), Im(EG⋆), Re(FE⋆) and Im(FG⋆), which have already been evaluated
with respect to observables using,
φF − φE = cos−1
(Re(FE⋆)
|E||F |
)
(35)
φE − φG = sin−1
(Im(EG⋆)
|E||G|
)
(36)
φF − φG = sin−1
(Im(FG⋆)
|F ||G|
)
(37)
φB − φE = cos−1
(Re(BE⋆)
|B||E|
)
(38)
φD − φG = cos−1
(Re(DG⋆)
|D||G|
)
(39)
φB − φD = sin−1
(Im(BD⋆)
|B||D|
)
(40)
Note that ambiguities in the solution are somewhat reduced due to the constraints already
obtained in the above equations. The resolution of ambiguities is not discussed in detail
here. However, it may be envisaged that the approach used by the BaBar collaboration
[11] can also be applied here to completely remove ambiguities in the present study. The
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remaining form factors can also be solved as follows:
Re(CE⋆) =
1
2sℓ sK x(x2 − 1)3/2
(
− 32a023 −
√
x2 − 1β3(2 x(x2 − 1)Re(BF ⋆) +
(2x2 + 1)Re(BE⋆) + (x2 − 1)(2(x2 − 1)Re(CD⋆) + Re(DG⋆)))sℓsK
)
(41)
Having obtained the value of |B|, |D|, |E|, |F |, |G|, φB, φD, φE, φF and φG, Re(BE⋆) =
|B||E| cos(φB − φE) and Re(BF ⋆) = |B||F | cos(φB − φF ) are in fact, also obtained in terms
of observables. On putting these values in Eq. (41), Re(CE⋆) is evaluated in terms of
observables. φC and |C| can now be solved for using Eqs. (32) and (41), to give,
φC = sin
−1
( cosφE − η cosφD√
1 + η2− 2η cos(φD − φE)
)
(42)
|C| = Re(CD
⋆)
|D| cos(φC − φD) (43)
where,
η =
|D|Re(CE⋆)
|E|Re(CD⋆)
Using a similar procedure one can also solve for the only remaining quantities φA and |A|.
We have,
Re(AE⋆) =
1
12 β2sℓ sK(x2 − 1)
(
− 96 b122 + β2sℓ sK(24|B|2 + β2(x2 − 1)|E|2 +
24(x2 − 1)Re(BC⋆) + β2(x2 − 1)2Re(FE⋆))
)
(44)
Re(AB⋆) =
1
12 βsℓ sK
√
x2 − 1
(
− 48 b121 + β3
√
x2 − 1 sℓ sK
((x2 − 1)(3Re(CE⋆)− Re(BF ⋆)) + 2xRe(BE⋆))
)
(45)
With the values of φC and |C| already obtained, Re(BC⋆) and Re(CE⋆) are also expressed
in terms of observables. We finally have after solving Eqs. (44) and (45):
φA = sin
−1
( cosφE − ς cos φB√
1 + ς2 − 2ς cos(φB − φE)
)
(46)
|A| = Re(AB
⋆)
|B| cos(φA − φB) (47)
where,
ς =
|B|Re(AE⋆)
|E|Re(AB⋆)
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B. Time Integrated Differential Decay Rate
The differential decay rate is
dΓ =
βX
215π6M3B
|M|2dsℓ dsK d cos θℓ d cos θK dφ . (48)
Therefore,
dΓ
dsℓ dsK d cos θℓ d cos θK dφ
=
βX
215π6M3B
|M|2 (49)
The physical regions of the angular variables are
0 ≤ φ ≤ 2π, − 1 ≤ cos θK ≤ 1 and − 1 ≤ cos θℓ ≤ 1 , (50)
and sℓ and sK are integrated over the relevant resonances. We derive the one-dimensional an-
gular distributions dΓ/(dsℓ dsK d cos θℓ), dΓ/(dsℓ dsK d cos θK), and dΓ/(dsℓ dsK dφ) from
the differential decay rate. These distributions as well as the other observables extracted by
the angular analysis, depend on different combinations of the co-efficients apmnand b
p
mn.
1. Decay rate as a function of cos θK
Integrating the Eq. (21) over cos θℓ and φ we obtain
dΓ
dsℓ dsK d cos θK
=
βXG2Fα
2
216π8M3B
4π
3
{3a000 − a020 + (3a001 − a021) cos θK + (3a002 − a022) cos 2θK
+(3a003 − a023) cos 3θK + (3a004 − a024) cos 4θK} (51)
Now we define the forward–backward(FB) asymmetry in Kπ system
AKFB =
∫
1
0
dΓ
dsℓ dsK d cos θK
d cos θK −
∫
0
−1
dΓ
dsℓ dsK d cos θK
d cos θK
∫
1
0
dΓ
dsℓ dsK d cos θK
d cos θK +
∫
0
−1
dΓ
dsℓ dsK d cos θK
d cos θK
=
15
2
3(a001 − a003) + a023 − a021
45a000 − 15(a002 + a020)− 3a004 + 5a022 + a024
6= 0 (52)
This is not vanishing due to the presence of cos θK and cos 3θK . These terms are present
due to interference between ‘vector and scalar’ as well as between ‘vector and tensor’ mesons
contributions as intermediate states. However, the forward–backward asymmetry vanishes
in each of the B → J/ψS, B → J/ψV and B → J/ψT decay modes.
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2. Decay rate as a function of cos θℓ
Integrating the Eq. (21) over cos θK and φ we obtain
dΓ
dsℓ dsK d cos θℓ
=
βXG2Fα
2
216π8M3B
4π
15
{15a000 − 5a002 − a004
+(15a020 − 5a022 − a024) cos 2θℓ} (53)
It is easy to see that the forward-backward(FB) asymmetry in the ℓ−ℓ+ system vanishes, i.e.
AℓFB = 0. The absence term odd in cos θℓ is connected with the fact that the ℓ
−ℓ+ system
is in a pure L = 1 state. As a consequence, the forward–backward(FB) asymmetry in the
system vanishes.
3. Decay rate as a function of φ
Finally, the distribution in the angle φ between the lepton and meson planes, after inte-
gration of the Eq. (21) over cos θℓ and cos θk, we obtain
dΓ
dsℓ dsK dφ
=
βXG2Fα
2
216π8M3B
4
45
{45a000 − 15(a002 + a020) + 5a022 − 3a004 + a024
+(45a200 − 15(a202 + a220) + 5a222 − 3a204 + a224) cos 2φ
+(45a400 − 15(a402 + a420) + 5a422 − 3a404 + a424) sin 2φ} (54)
The presence of sin 2φ term is a clean signal of CP violation in the φ distribution in the
decay process.
C. Time Dependent Differential decay rate and measurement of β
In this subsection we demonstrate how a clean measurement of sin 2β can be performed
using one of the partial wave contributing to B → J/ψK∗2 (1430). For this purpose we use
the CP -even partial waves contributing to B → J/ψK∗2 (1430). In Sec. IIIA we showed |G|2
can be extracted using the measurements of coefficients a004, a
0
24, a
2
04. Here, we derive an
angular and time-dependent asymmetry that cleanly measures sin 2β, without the need for a
complete solutions to all the contributing form factors. It is straight forward to see that the
coefficient of time dependent sin(∆M t) term corresponding to a004, a
0
24 and a
2
04 of Table I, II
and III can be obtained by the replacement |G|2 → |G|2 sin 2β. A time dependent angular
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analysis can be performed to isolate the sin(∆M t) term to a004, a
0
24, a
2
04. An asymmetry
that isolates such a term is given by:
ACP sin(∆M t) =
1∫
1
−1
d cos θK
∫
1
−1
d cos θℓ
∫
2π
0
dφ
( d(Γ(t) + Γ¯(t))
d cos θℓ d cos θK dφ
) ×
( ∫
P
d cos θK
∫
1
−1
d cos θℓ
∫
2π
0
dφ+
∫
P
d cos θK
∫
T
d cos θℓ
∫
2π
0
dφ+
∫
P
d cos θK
∫
1
−1
d cos θℓ
∫
Q
dφ
)( d(Γ(t)− Γ¯(t))
d cos θℓ d cos θK dφ
)
. (55)
where,
∫
P
d cos θK = (
∫ pi
5
0
−
∫ 2pi
5
pi
5
+
∫ 3pi
5
2pi
5
−
∫ 4pi
5
3pi
5
+
∫ π
4pi
5
)(− sin θK)dθK (56)
∫
T
d cos θℓ = (
∫ pi
3
0
−
∫ 2pi
3
pi
3
+
∫ π
2pi
3
)(− sin θℓ)dθℓ, (57)
∫
Q
dφ = (
∫ 3pi
4
pi
4
−
∫ 5pi
4
3pi
4
+
∫ 7pi
4
5pi
4
−
∫ 9pi
4
7pi
4
)dφ . (58)
In Eq. (55) integrals over the relevent range for sℓ and sK are implicit. Using Eqns. (21)
and (22) Table I-V, we see that
ACP = R sin 2β , (59)
where
R ∝ 4 a
2
04 + a
0
04 + a
0
24
45a000 − 15(a002 + a020)− 3a004 + 5a022 + a024
. (60)
R can itself be obtained directly from experimental data by an analogous asymmetry using
time integrated partial decay rates as follows:
R = 1∫
1
−1
d cos θK
∫
1
−1
d cos θℓ
∫
2π
0
dφ
( dΓ
d cos θℓ d cos θK dφ
) ×
( ∫
P
d cos θK
∫
1
−1
d cos θℓ
∫
2π
0
dφ+
∫
P
d cos θK
∫
T
d cos θℓ
∫
2π
0
dφ+
∫
P
d cos θK
∫
1
−1
d cos θℓ
∫
Q
dφ
)( dΓ
d cos θℓ d cos θK dφ
)
. (61)
We can thus obtain a clean measurement of sin(2β) using the CP–even part of the mode B →
J/ψK∗2 (1430) alone, without any contributions from the decay modes B → J/ψK∗0(1430) or
B → J/ψK∗(1410).
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IV. CONCLUSION
We have studied how an angular analysis can be used to isolate contributions from each
of the decay modes B → J/ψK∗0(1430), B → J/ψK∗(1410) and B → J/ψK∗2 (1430), where
K∗0 (1430), K
∗(1410) and K∗2(1430) are overlapping and contribute to the same final state
B → Kπℓ+ℓ−. Angular analysis also allows us to isolate the contributions from different
partial waves contributing to the each of these final states. We have studied the time
integrated differential decay rate and derived explicit solutions to both the magnitudes
and the phases of the form factors contributing. We showed that the forward-backward(FB)
asymmetry in ℓ+ℓ− system vanishes, since the ℓ−ℓ+ system is in a pure L = 1 state. We have
also studied the forward-backward(FB) asymmetry in Kπ system; such terms are present
due to interference between contributions from vector and scalar, as well as between vector
and tensor intermediate states. We also construct a time dependent angular asymmetry that
enables a clean measurement of the mixing phase β in the mode B → J/ψK∗2 (1430) alone,
without contributions from the decay modes B → J/ψK∗0 (1430) or B → J/ψK∗(1410). The
study performed here finds immediate application in the analysis of data collected by the
Belle and BaBar collaborations.
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VI. APPENDIX
a000
1
2304
sℓ sK
(
(576|A|2(x2 − 1) + 144 (|B|2(2x2 + 3) + (x2 − 1) (3|D|2 + 2|C|2(x2 − 1)))β2
+(x2 − 1) (|E|2(27 + 22x2) + (x2 − 1)(27 |G|2 + 22 |F |2(x2 − 1)))β4
+4(x2 − 1)β2(−24(x2 − 1)Re(AF ⋆) + x(−24Re(AE⋆) + 144Re(B C⋆)
+11(x2 − 1)β2 Re(F E⋆)))
)
a001
1
96
β
√
x2 − 1 sℓ sK
(
− 48xRe(AB⋆)− 48(x2 − 1)Re(AC⋆) + β2(10x(x2 − 1)Re(B F ⋆)
+(10x2 + 9)Re(BE⋆) + (x2 − 1)(10((x2 − 1)Re(C D⋆) + 10xRe(C E⋆) + 9Re(DG⋆)))
)
a002
1
96
β2sℓ sK
(
6|B|2(2x2 − 3) + (x2 − 1)(−18|D|2 + 12|C|2(x2 − 1)
+(|E|2x2 + |F |2(x2 − 1)2)β2)− 12(x2 − 1)2Re(AF ⋆) + 2x(x2 − 1)(−6Re(AE⋆)
+12Re(B C⋆) + (x2 − 1)β2Re(F E⋆))
)
a003
1
32
β3sℓ sK
√
x2 − 1
(
2x(x2 − 1)Re(B F ⋆) + (2x2 − 3)Re(BE⋆)
+(x2 − 1)(2(x2 − 1)Re(C D⋆) + 2xRe(C E⋆)− 3Re(DG⋆))
)
a004
1
256
β4sℓ sK(x
2 − 1)
(
|E|2(2x2 − 3) + (x2 − 1)(−3|G|2 + 2|F |2(x2 − 1))
+4x(x2 − 1))Re(F E⋆)
)
TABLE I: Non-vanishing a00n
16
a020
1
2304
sℓ sK
(
(−576|A|2(x2 − 1)− 144 (|B|2(2x2 − 1) + (x2 − 1) (−|D|2 + 2|C|2(x2 − 1)))β2
−(x2 − 1) (|E|2(−9 + 22x2) + (x2 − 1)(−9 |G|2 + 22 |F |2(x2 − 1)))β4
+4(x2 − 1)β2(24(x2 − 1)Re(AF ⋆) + 24x(Re(AE⋆)− 6Re(B C⋆))
−11x(x2 − 1)β2 Re(F E⋆))
)
a021
1
96
β
√
x2 − 1 sℓ sK
(
48xRe(AB⋆) + 48(x2 − 1)Re(AC⋆) + β2(−10x(x2 − 1)Re(B F ⋆)
+(−10x2 + 3)Re(BE⋆)− (x2 − 1)(10((x2 − 1)Re(C D⋆) + 10xRe(C E⋆)− 3Re(DG⋆)))
)
a022 −
1
96
β2sℓ sK
(
6|B|2(2x2 + 1) + (x2 − 1)(6|D|2 + 12|C|2(x2 − 1)
+(|E|2x2 + |F |2(x2 − 1)2)β2)− 12(x2 − 1)2 Re(AF ⋆) + 2x(x2 − 1)(−6Re(AE⋆)
+12Re(B C⋆) + (x2 − 1)β2 Re(F E⋆))
)
a023 −
1
32
β3sℓ sK
√
x2 − 1
(
2x(x2 − 1)Re(B F ⋆) + (2x2 + 1)Re(BE⋆)
+(x2 − 1)(2(x2 − 1)Re(C D⋆) + 2xRe(C E⋆) + Re(DG⋆))
)
a024 −
1
256
β4sℓ sK(x
2 − 1)
(
|E|2(2x2 + 1) + (x2 − 1)(|G|2 + 2|F |2(x2 − 1))
+4x(x2 − 1))Re(F E⋆)
)
TABLE II: Non-vanishing a02n
17
a200
1
256
β2sℓ sK(−16|B|2 + (x2 − 1)(16|D|2 − (|E|2 − |G|2(x2 − 1))β2))
a201
1
32
β3sℓ sK
√
(x2 − 1)(−Re(BE⋆) + (x2 − 1)Re(DG⋆))
a202
1
16
β2sℓ sK(|B|2 − (x2 − 1)|D|2)
a203 −
1
32
β3sℓ sK
√
(x2 − 1)(−Re(BE⋆) + (x2 − 1)Re(DG⋆))
a204
1
256
β4sℓ sK(x
2 − 1)(|E|2 − |G|2(x2 − 1))
a220 −
1
256
β2sℓ sK(−16|B|2 + (x2 − 1)(16|D|2 − (|E|2 − |G|2(x2 − 1))β2))
a221 −
1
32
β3sℓ sK
√
(x2 − 1)(−Re(BE⋆) + (x2 − 1)Re(DG⋆))
a222 −
1
16
β2sℓ sK(|B|2 − (x2 − 1)|D|2)
a223
1
32
β3sℓ sK
√
(x2 − 1)(−Re(BE⋆) + (x2 − 1)Re(DG⋆))
a224 −
1
256
β4sℓ sK(x
2 − 1)(|E|2 − |G|2(x2 − 1))
TABLE III: Non-vanishing a2mn
18
a400 −
1
128
β2sℓ sK
√
(x2 − 1)
(
16 Im(BD⋆) + (x2 − 1)β2 Im(EG⋆)
)
a401 −
1
32
β3sℓ sK(x
2 − 1)
(
Im(BG⋆)− Im(DE⋆)
)
a402
1
8
β2sℓ sK
√
(x2 − 1) Im(BD⋆)
a403
1
32
β3sℓ sK(x
2 − 1)
(
Im(BG⋆)− Im(DE⋆)
)
a404
1
128
β4sℓ sK(x
2 − 1)3/2 Im(EG⋆)
a420
1
128
β2sℓ sK
√
(x2 − 1)
(
16 Im(BD⋆) + (x2 − 1)β2 Im(EG⋆)
)
a421
1
32
β3sℓ sK(x
2 − 1)
(
Im(BG⋆)− Im(DE⋆)
)
a422 −
1
8
β2sℓ sK
√
(x2 − 1) Im(BD⋆)
a423 −
1
32
β3sℓ sK(x
2 − 1)
(
Im(BG⋆)− Im(DE⋆)
)
a424 −
1
128
β4sℓ sK(x
2 − 1)3/2 Im(EG⋆)
TABLE IV: Non-vanishing a4mn
19
b121
1
48
βsℓ sK
√
(x2 − 1)
(
− 24Re(AB⋆)− β2((x2 − 1)Re(BF ⋆) + 2xRe(BE⋆)
+3(x2 − 1)Re(CE⋆))
)
b122
1
96
β2sℓ sK
(
24|B|2x+ |E|2x(x2 − 1)β2 − 12(x2 − 1)Re(AE⋆)
+24(x2 − 1)Re(BC⋆) + (x2 − 1)2 β2Re(FE⋆)
)
b123
1
16
β3sℓ sK
√
(x2 − 1)
(
(x2 − 1)Re(BF ⋆) + 2xRe(BE⋆) + (x2 − 1)Re(CE⋆)
)
b124
1
64
β4sℓ sK(x
2 − 1)
(
|E|2x+ (x2 − 1)Re(FE⋆)
)
TABLE V: Non-vanishing b1mn
b321
1
48
βsℓ sK(x
2 − 1)
(
− 24 Im(AD⋆) + β2(3x Im(BG⋆)
+(x2 − 1)(3 Im(CG⋆) + Im(DF ⋆)) + x Im(DE⋆))
)
b322
1
96
β2sℓ sK
√
(x2 − 1)
(
− 12(x2 − 1) Im(AG⋆) + 24x Im(BD⋆)
+(x2 − 1)(24 Im(CD⋆) + β2((x2 − 1) Im(FG⋆) + x Im(EG⋆)))
)
b323
1
16
β3sℓ sK(x
2 − 1)
(
x Im(BG⋆) + (x2 − 1)(Im(CG⋆)− Im(DF ⋆))− xIm(DE⋆)
)
b324
1
64
β4sℓ sK(x
2 − 1)3/2
(
(x2 − 1) Im(FG⋆) + x Im(EG⋆)
TABLE VI: Non-vanishing b3mn
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